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[ Name of Documentl Specification 

[Title of Invention J POWDER FOR MOLDING RFe-B BONDED 
MAGNET, RFe-B BONDED MAGNET, AND METHODS FOR 
MANUFACTURE THEREOF 

[What is claimed isl 

[Claim 1] Powder for molding an R-Fe B bonded magnet containing 10 
ppm or less of an R compound capable of becoming R(0H)3 in reaction 
with water vapor and 1 ppm to 200 ppm of R(0H)3 in the powder for 
molding R-Fe-B bonded magnets. 

[Claim 2] A method for manufacturing powder for molding an R-Fe*B 
bonded magnet comprising steps of- 

treating raw material powder for R-Fe B bonded magnets in a water 
vapor pressure atmosphere and obtaining powder containing 10 ppm or 
less of ari R compound capable of becoming R(0H)3 in reaction with 
water vapor, and 1 ppm to 200 ppm of R(0H)3. 

[Claim 3] . A method for manufacturing powder for molding R-Fe-B 
bonded magnet according to claim 2, characterized by a water vapor 
pressure of 15 mmHg to 350 mmHg, and a treatment temperature of 
-lOt: to 2oor. 

[Claim 4] A method for manufacturing powder for molding R-Fe-B 
bonded magnet according to claim 2, characterized in that a magnet 
raw material powder obtained by the rapid quenching method or 
hydrogenation treatment method (HDDR method) is used. 

[Claim 5] AR-Fe-B bonded magnet comprising' 
a resin; and 

powder for molding an R-Fe-B bonded magnet containing 10 ppm or less 
of an R compound capable of becoming R(0H)3 in reaction with water 
vapor, and 1 ppm to 200 ppm of R(0H)3. 

[Claim 6] A method for manufacturing a R-Fe-B bonded magnet 
comprising the steps of- 

treating raw material powder for R-Fe B bonded magnets in a water 
vapor pressure atmosphere and mixing resin into the powder for 
molding an R Fe-B bonded magnet containing 10 ppm or less of an R 
compound capable of becoming R(0H)3 in reacting with water vapor, 
and 1 ppm to 200 ppm of R(0H)3. 



I Claim 7] A method for manufacturing a R-Fe-B bonded magnet 
according to Claim 6, characterized by a water vapor pressure of 15 
mmHg to 350 mmHg, and a treatment temperature of lO^C to 200^;. 

[Claim 8] A method for manufacturing a R*Fe-B bonded magnet 
according to claim 6, characterized in that a magnet raw material 
powder obtained by the rapid quenching method or 
hydrogenation-treatment method (HDDR method) is used. 

[OOOll 

[Field of the Invention] 

This invention relates to powder for molding R-Fe-B bonded 
magnets, a R-Fe-B bonded magnet, and to methods for manufacturing 
thereof, wherein are prevented the occurrence of flaws such as cracking, 
chipping, and swelling associated with the generation of white powder 
generated during the use of an R-Fe-B bonded magnet, by causing an R 
compound such as an R oxide, R nitride, R carbide, or R hydride that 
becomes R(OH)3 when it reacts with steam to be contained at 10 ppm or 
less and R(OH)3 to be contained at from 1 ppm to 200 ppm in the 
powder for molding the magnet in a process wherein treatment is 
performed in a water vapor pressure atmosphere. 
[0002] 

[Description of the Prior Art] 

By employing Fe and/or R (rare earth element Nd, Pr, or the like) 
that is an inexpensive abundant resource as the main components, 
R"Fe-B permanent magnets exhibit higher performance and can be 
fabricated at lower cost than conventional high-performance Sm-Co 
magnets. For that reason, these are being used today in the 
manufacture of sintered magnets and bonded magnets of various 
configuration and used in a wide range of applications. 

[0003] 

In general, an R-Fe-B bonded magnet is fabricated by molding, 
performing a setting treatment, after mixing a resin bonding agent into 
the powder for molding that bonded magnet. The powder for molding 
such an R-Fe-B bonded magnet is manufactured by an ingot pulverizing 
method, Ca reduction diffusion method, lowcost rapid quenching 
method, or, alternatively, by a hydrogenating treatment (HDDR 
method) wherewith a recrystallized fine structure is obtained and 
magnetic anisotropy can be effected. 
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[0004] 

[Problems to be solved by the Invention] 

It is known that the R-Fe-B bonded magnet described above is 
susceptible to a phenomenon whereby, during prolonged use in the 
atmospheric air, white powder is generated on the surface of and in the 
interior of the magnet, and that there are cases where, due to the 
volumetric expansion of that white powder, such defects as magnet 
cracking, chipping, or swelling occur. 

[0005] 

This white powder generation phenomenon produces fatal defects 
in applications in motors and the like where exacting dimensional 
precision is demanded, which constitute important applications of 
bonded magnets, and in applications where cleanness is demanded, as 
in hard disk drives and the like. 
[0006] 

An object of the present invention is to provide powder for molding 
an R-Fe-B bonded magnet, and an R Fe B bonded magnet, together 
with manufacturing methods thereof, wherewith, in the R-Fe-B bonded 
magnet, the white powder generation described above is prevented, and 
the occurrence of flaws such as cracking, chipping, and swelling 
associated therewith is prevented. 
[0007] 

[Means to solve the problems] 

As a result of various studies on the causes of the volumetric 
expansion phenomenon associated with the generation of white powder 
generated in bonded magnets, the attention oif the inventors was drawn 
to the fact that, by the admixture of slag into the raw material alloy 
during the melting-manufacture or heat treatment of raw material 
powder for bonded magnets, and surface reactants and the like, 1 to 
200 ppm or so of R oxide, carbide, nitride, and hydride (R compounds) 
are produced, and to the fact that those various R compounds react 
with water vapor in the air and thus change to an R hydroxide. 

[0008] 

In raw material powder for R-Fe-B bonded magnets, rapidly 
quenched powder produced by the rapid quenching method is obtained 
by rendering an alloy melt amorphous by rapid quenching by a 
quenching roller, and then performing a crystallizing heat treatment. 
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Also, as for the hydrogenation treated powder, raw material powder 
obtained by an ingot pulverizing method or Ca reduction diffusion 
method or the like is subjected to a hydrogen occlusion treatment and 
dehydration treatment, and a fine recrystallized structure having 
magnetic anisotropy can be obtained. 
[0009] 

When the rapidly quenched powders described above or a 
hydrogenation processed powder (HDDR), in particular, is used in raw 
material for R-Ee-B bonded magnets, these raw material powders are 
such that, due to the heat treatment during the manufacturing process 
described earlier, even if the contained R oxide or carbide or the like 
should become an R hydroxide that is stable in air, the R hydroxide will 
again change to an R oxide that is unstable in air in that heat 
treatment. 
[00101 

The inventors learned that, in a bonded magnet manufactured 
using the rapidly quenched powder or hydrogenation treated powder 
noted earlier, during long-term use, the R oxide and carbide and the 
like contained in the bonded magnet become causes of cracking, 
chipping, and swelling and the like in the bonded magnet by reacting 
with water vapor in the air and changing to an R hydroxide, whereupon 
white powder generation on the surface or in the interior of the bonded 
magnet occurs, and that white powder exhibits volumetric expansion. 
[0011] 

Thereupon the inventors noted that, of the R compounds, the R 
hydroxide is the most stable in air at room temperature, and learned 
that, by causing the R compounds such as R oxide, carbide, nitride, and 
hydride present in the powder for molding bonded magnets to change to 
an R hydroxide beforehand, immediately prior to molding, and 
stabilizing them, and making the residual content of the R compounds 
10 ppm or less, the volumetric expansion associated with the 
generation of white powder, which becomes a cause of cracking, 
chipping, and swelling and the like in R-Fe-B bonded magnets during 
use, can be prevented. They also learned that this prevention method 
can prevent the volumetric expansion associated with the generation of 
white powder even without effecting a coating, whereupon they 
perfected the present invention. 
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[0012] 

In other words, this invention is characterized in that the powder 
is obtained, containing R compound such as R oxide, carbide, nitride, 
and hydride present in raw material powder, said compound being 
caused to change into R hydroxide stably existing in air at room 
temperature in a process wherein the raw material powder for R-Fe-B 
bonded magnets is treated in the water pressure atmosphere. For 
example, in a process wherein a treatment is performed at 
15mmHg-350mmHg of water vapor pressure and -10°C-200°C of 
treatment temperature, it is possible to obtain the powder containing 
lppm*200ppm of R(OH)^ and lOppm or less of R compound such as R 
oxide, R nitride, R carbide, and R hydride capable of becoming R(OH)3 
in reacting with water vapor, to yield a R-Fe*B bonded magnet with 
reduced variation per hour, wherein powder for molding R-Fe-B bonded 
magnet containing the prescribed amount of R compound and R(0H)3 
is used for mixing, kneading, molding and setting the resin. 
[0013] 

[ Embodiments ] 

The present invention is targeted at raw materials for R-Fe-B 
bonded magnets made by any manufacturing method, but is 
particularly targeted at magnet raw material powders obtained by the 
crystallizing, heat treatment of raw material powder in an amorphous 
state obtained by the rapid quenching method, or magnet raw material 
powder obtained by H2 occlusion treatment, and de-H2 treatment 
hydrogenation treatment for rendering to a fine recrystallized structure 
powder obtained by an ingot pulverization method, and so on wherewith 
white powder generation readily occurs. 
[0014] 

Describing such in greater detail, the powders that can be adopted 
for the raw material powder used for the R-Fe-B bonded magnets 
include those obtained by a melting-pulverizing method wherewith the 
prescribed R-Fe-B alloy is melted, cast, and then pulverized, by a direct 
reduction diffusion method wherewith powder is obtained directly by 
Ca reduction, by a quenched alloy method wherewith the prescribed 
R-Fe-B alloy is made into ribbon foil by a melting jet-caster and that is 
pulverized and annealed, by a gas atomizing method wherewith the 
prescribed R-Fe-B alloy is melted, made into powder by gas atomization, 
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and heat-treated, and by a mechanical alloy method wherewith a 
prescribed raw material metal is made into powder, then made into fine 
powder by mechanical alloying and heat treated. 
[0015] 

Furthermore, in raw material powder for R-Fe-B bonded magnets, 
there is rapidly quenched powder obtained by quenching a prescribed 
alloy melt with a quenching roller, making it amorphous, and then 
subjecting it to a crystallizing heat treatment, and hydrogenation 
treated powder obtained by taking coarsely pulverized powder obtained 
by coarsely pulverizing an alloy ingot of a prescribed composition, 
heating and holding that at a temperature of 500X: to 900X: for 30 
minutes to 8 hours, for example, either in 0.1 - 10 atm (room 
temperature equivalent) of H2 gas or in an inactive or inert gas 
(excluding N2 gas) having an H2 partial pressure equivalent thereto, 
and then subjecting that to a de-H2 treatment by holding it at 500 to 
900X: for 30 minutes to 8 hours under a 1 x 10*2 Torr H2 partial 
pressure to yield such hydrogenation treated powder comprising a fine 
recrystallized aggregate structure having an average crystal particle 
size of 0.05 pm to 0.5 pm. 
[00161 

In the present invention, in the heat treatment in the water vapor 
pressure atmosphere, the water vapor pressure should preferably be 15 
mmHg to 350 mmHg. At a water vapor pressure of less than 15 mmHg, 
the reaction to R(OH)3 is insufficient, and requires a long time, leading 
to high manufacturing costs, wherefore that is undesirable. When 350 
mmHg is exceeded, on the other hand, the magnetic properties of the 
magnetic raw material powder decline greatly, wherefore that is not 
desirable. An even more preferable water vapor pressure range is 50 
mmHg to 200 mmHg. 
[0017] 

In the present invention, the treatment temperature should 
preferably be within a range of -10*0 to 200X2. At less than lOT:, a 
long time is required for the reaction, leading to high manufacturing 
costs, whereas when 200*C is exceeded, the magnetic properties of the 
magnetic raw material powder decline greatly, wherefore that is not 
desirable. A more preferable heat treatment temperature range is 0*t; 
to lOO^C, and even more preferable is a temperature range of 30*C to 
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sot:. 

100181 

In the present invention, the heat treatment time should 
preferably be from 3 hours to 260 hours, with heating for 25 to 40 hours 
being preferable when the heating temperature is 40^, and heating for 
5 to 10 hours being preferable when the heating temperature is 80'C, 
for example. 
[0019] 

In the present invention, air, Ar, or N2 or the like can be selected 
for the atmosphere wherein the heat treatment is done. For the 
pressure during heating, moreover, atmospheric pressure is desirable 
because the equipment then can be made low-cost, but the heat 
treatment may also be done under increased or reduced pressure. The 
conversion to R(OH)3 is done by water vapor, moreover, but there is no 
particular limitation on the type of gas so long as an equivalent 
reaction occurs therewith. 
[0020] 

In the magnet molding powder of the present invention, if the R 
compound that reacts with water vapor to become R(OH)3 is contained 
in excess of 10 ppm. it will react with the water vapor to produce a 
white powder, wherefore that is not desirable, whereupon the R 
compound content is made 10 ppm or less. 
[0021] 

The magnet molding powder according to the present invention is 
characterized by containing R(OH)3, but that content should be from 1 
ppm to 200 ppm. It is, practically speaking, impossible to obtain 
magnet raw material wherein that amount is less than Ippm, whereas, 
when 200 ppm is exceeded, the volume effective as a magnet decreases 
too much, so that the magnetic properties decline, and, for that reason, 
that is not desirable. 
[0022] 

In the present invention, the R Fe-B bonded magnet in view may be 
either an isotropic or anisotropic bonded magnet. In the case of 
compression molding, for example, such a magnet is obtained by adding 
and kneading a thermosetting resin, coupling agent, and lubricants and 
the like into magnetic powder of the prescribed composition and 
properties, then performing compression molding and heating to set the 



7 



resin. In the case of injection molding, extrusion molding, and rolling 
molding, such a magnet is obtained by adding and kneading a 
thermoplastic resin, coupling agent, and lubricants and the like into 
the magnetic powder, and then molding it by one of those molding 
methods, namely injection, extrusion, or rolling. 
[0023] 

In the present invention, for the binder resin, 6Pa, 12Pa, PPS, PBT, 
or EVA or the like can be used in injection molding, PVC, NBR, CPE, 
NR, or Hypalon or the like in extrusion molding, calender rolling, and 
rolling molding, and epoxy resins, DAP, or phenol resins or the like in 
compression molding, and. as necessary, a commonly known metal 
binder can be used. As an auxiliary material, moreover, a lubricant or 
resin and inorganic filler bonding agent, or silane- or titanium -based 
coupling agent or the like Can be used. 
[0024] 

In the present invention, although there is no particular limitation 
on the composition of the R Fe B magnet raw material powder, the 
compositions noted below are preferable in terms of magnet composition. 
The rare earth element R accounts for 10 at.% to 30 at.%, but at least 
one type from among Nd, Pr. Dy. Ho. and Tb, or, in addition thereto, at 
least one type from among La, Ce, Sm, Gd, Er. Eu. Tn, Yb, Lu. and Y 
should be contained. Also, while ordinarily one type of R will be 
sufficient, in practice a mixture of two or more types (such as misch 
metal or didymium) can be used for reason of ready availability or the 
like. Furthermore, this R need not be a pure rare earth element, and 
there is no problem with it containing such impurities as are 
unavoidable in manufacture, within such range as can be industrially 
procured. 
[0025] 

R is a mandatory element in the magnetic powder of such type as 
described in the foregoing. If the R content is less than 10 at.%, much 
a-iron will be precipitated, and high magnetic properties, especially 
high coercive force, will not be obtained, whereas, when it exceeds 30 
at.%, an R-rich nonmagnetic phase increases, the residual flux density 
(Br) declines, and a permanent magnet of outstanding properties is not 
obtained. Accordingly, an R content range of 10 at.% to 30 at.% is 
desirable. 
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[0026] 

B is a mandatory element in the magnetic powder of such type as 
described in the foregoing. If the B content is less than 2 at.%, a 
different structure, other than an Nd2Fex4B tetragonal structure, will 
become the main phase and high coercive force (iHc) will not be 
obtained, whereas when 28 at.% is exceeded, a B rich nonmagnetic 
phase increases, the residual flux density (Br) declines, and a 
permanent magnet of outstanding properties is therefor not obtained. 
Accordingly, a B content range of 2 at.% to 28 at.% is desirable 
[0027] 

Fe is a mandatory element in the magnetic powder of such type as 
described in the foregoing. If the Fe content is less than 65 at.%. the 
residual flux density (Br) will decline, whereas when 80 at.% is 
exceeded, high coercive force is not obtained, wherefore it is preferable 
that 65 at.% to 80 at.% of Fe be contained. 
[0028] 

Furthermore, by substituting Co for some of the Fe. the 
temperature properties can be improved without impairing the 
magnetic properties of the magnets obtained. However, when the Co 
substitution quantity exceeds 50% of the Fe content, the magnetic 
properties deteriorate, conversely, wherefore that is not desirable. 
When the Co substitution quantity is 5 at.% to 30 at.% of Fe, Br will 
increase more than when no substitution is made, wherefore that is 
desirable in order to obtain high flux density. 
[0029] 

Beside R, B, and Fe, moreover, the presence of impurities that are 
unavoidable in industrial manufacture is allowed. For example, by 
substituting for a part of the B at least one type from among C (at 4.0 
wt.% or less). P (at 2.0 wt.% or less), and S (at 2.0 wt.%), for a total 
quantity that is 2.0 wt.% or less, it is possible to improve the 
manufacturability of the permanent magnets and lower the cost 
thereof. 
[0030] 

It is also possible to add at least one type from among Al, Ti, V. Cr, 
Mn, Bi, Nb, Ta, Mo. W. Sb. Ge. Ga. Sn. Zr. Ni. Si. Zn, Hf, and Cu to' the 
magnet powder because of the effectiveness thereof in improving 
coercive force and the squareness of the demagnetization curve, or in 
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improving manufacturability and lowering the cost. The upper limit of 
the amount added, moreover, should be within a range wherein those 
conditions necessary for realizing the required values for the (BH)max 
and (Br) of the bonded magnet are satisfied. 

[0031] 

[Examples] 
Example 1 

Coarsely pulverized powder was used, obtained by ingot 
pulverization, having an average particle size of 150 jim, and a 
composition consisting of 12.5 at.% R, 6.5 at.% B, 10 at.% Co, 0.2 at.% 
Ga, 0.1 at.% Zr and the remainder Fe. The coarsely pulverized powder 
was subjected to an H2 occlusion treatment, holding it for 2 hours at 
810 in 1 atm (room temperature equivalent) of H2 gas, then 
subjected to a de-H2 treatment, holding it for 1 hour at 820^: in flow of 
At gas at a reduced pressure of 40 Torr to yield a hydrogenation-treated 
powder having a fine recrystallized aggregate structure with an 
average crystal particle size of 014 pm. The R2O3 content in the 
hydrogenation-processed powder so obtained was 150 ppm and the 
R(OH)3 content therein was 0.6 ppm. 
[0032] 

Taking this hydrogenation-treated powder as magnet raw material 
powder, it was subjected to a heat treatment, holding it for 20 hours at 
a. temperature of eO'C in an atmosphere having a water vapor pressure 
of 150 mmHg to yield a molding powder. The R2O3 content in the 
molding powder so obtained was 5 ppm and the R(0H)3 content therein 
was 120 ppm. 
[00331 

Into the molding powder so obtained were mixed 3.5 wt.% of an 
epoxy resin, and that was then molded, under a molding pressure of 6 
T/cm2, to dimensions of 10 mm x 10 mm x 10 mm, after which heating 
was performed for 60 minutes at a hardening temperature of 150^0, 
whereupon 50 bonded magnets were fabricated. The bonded magnet so 
obtained were allowed to stand for 2 months, and then the magnetic 
properties, external conditions and defects ratio thereof were measured, 
and the results are given in Table 1. 

[0034] 
Comparative Example 1 
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Using hydrogenation-treated powder obtained by the same 
processes as in Example, bonded magnets were fabricated under the 
same conditions as in Example, immediately, without performing a heat 
treatment in a water vapor atmosphere. The R compounds contained in 
the bonded magnets so obtained were measured, resulting in an R2O3 
quantity of 145 ppm and an R(OH)3 quantity of 0.6 ppm. The bonded 
magnet so obtained were allowed to stand for 2 months, and then the 
magnetic properties, external conditions and defects ratio thereof were 
measured, and the results are given in Table 1. 
[0035] 



[Table U 





Magnetic Properties 


External Conditions 
(Number of Occurrences) 


Defect 
Ratio(%) 








Br 
(kO) 


iHc 
(kOe) 


(BH)max 
(MGOe) 


Crack 
flaws 


Chip 
flaws 


Swelling 


Example 1 


8.3 


12.5 


16.4 


0 


0 


0 


0 


Comparative 
Example 1 


8.3 


12.4 


16.3 


8 


9 


32 


98 



[0036] 

[Effect of the Invention] 

Conventionally, in R-Fe-B bonded magnets manufactured using 
rapidly quenched powder or hydrogenation-treated powder as the raw 
material powder, during long-term use, the R oxides and the like 
contained in the bonded magnets reacted with the water vapor in the 
atmosphere and changed to R hydroxides, white powder was generated 
on the surface or in the interior of the magnets, and, due to the 
volumetric expansion thereof, such defects as cracking, chipping, and 
swelling occurred in the bonded magnets. 

Based on the present invention, all of the R compound in the 
bonded magnets that constitute a cause of the white powder generation 
is changed to R hydroxide and stabilized, wherefore there is no 
generation of white powder during magnet use, and there are no defects 
such as cracking, chipping, or swelling in the bonded magnets, and it 
becomes possible to maintain stable external appearance and magnetic 
properties over long periods. 
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[Name of Document] Summary 
[Summary] 

[Objects] Object of this invention is to provide a R-Fe-B bonded 
magnet with reduced occurrence of flaws such as cracking, chipping, 
and swelling, preventing the occurrence of white powder generated 
during the long use of an R-Fe-B bonded magnet. 

[Means for Solving] Raw material powder such as rapidly quenched 
powder and hydrogenation processed powder (HDDR) or the like is 
heat-treated in a water vapor pressure atmosphere, causing R 
compound such as R oxide, R carbide, R nitride or R hydride contained 
in the raw material powder to change to R hydride (R(OH)3 ) stable in 
the atmosphere in reaction with water vapor, preventing the generation 
of the white powder in the surface or inside of bonded magnets, 
consequently, cracking, chipping and swelling in the bonded magnets 
caused by volumetric expansion of the white powder are not produced. 

[Selection of Figure] null 
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^<^^i^mmmMmxnu±m^x^^mum<miz^<tvxL * do 

[0010] 

m^m^it. mmmMi^nxu7i<m^mmm^mi.^xmm^nrz^s>i^mmt 
. ««srBi^ffl4^, ^^>}^m:E\z^mmmim. m^mmit±m.^(D7i^mm.tK 

^o)i^mmmiz^o:^^>}^m^(D^in. ^tt. mn^<Dmmizrj::s>;it^^^L 

[0011] 

^^tizmmu. ^^>}^m^mmmnm^izw^T^Rm^m. mm. mm 
. ^^^^'^^<^^\\:^^m^mm.m\z^mi^m\m\zmY.^^x^%^^. 



[0012] 

f#SC:<i:^#i^t-r^o 7j<^MiE;5q5iniiiHg~350iimiHg, ^mumi)^-\{iX: 

-'200t:(DM{z:J:oT, R^^t:#i. R^ib#,, R^^b^i. mmimf3.Eyi^m%t 
Sl&bTR (OH) 3^:7a:^R<b^i^$:10ppmlJ^T:R(y:R (OH) 3<&lppin-200ppiii^W<JD«&5|^ 
d <h;&^T'#. C®«^^«©Rfb^#,Rt^ (OH) 3^^Wr-5R-Fe-B,^4^ > K 

-myf^y\^m^^n^z.iii)'^x^:b, 

[0013] 

[^Hjonji®?^^] 

nmM^m^^itmmM\.x%^nf:im^mmmm^. ^^\.^^mm^mmz^ 
^'i^^ntinm^n^^Bwmm.mz^:br^idm^mmmm. m^mm(D7i^mim 

[0014] 

\^m^mzmmr^mmm^m. ^^m7t\zxm.mm^^%^m.mm7i.mm.m. 
mm-YQ-m^^^mmi^3Ly h^^y^^-x^)-^s>m^nx^n^mw. mm 

'^^^>^^^-^mmti.xmmm-r^^'fy-i,)VTu^m\z^:bi^mmmx 

[0015] 

^^\z. ^-u-m:^^>\^m^mwM^M\z\t. mw(o^^mm^M.}^u-Mz 
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-mx:iz3o^^smmum(DmE,mm^n':.x^i^f^^i&mm. osMm-^o. 5um 

[0016] 

15miiiHg~350iimiHgTfeSo 7K^mffi*q5ininHg*fiT«R(0H) s^ORmTfi^^-^^^ 

^D, xmrn^mmmiz^sio. mmuxhmzf^K^tf!^^i.<t^,,^ ssommHg 

$f SLV^;^<M^£E«, 50iiiinHg~200iniiiHgTfe^„ 
[0017] 

ilcD^§g(C^V.T, -10t:'-200"C®|6ffl;&t$f$LV.. -10t:*f^ 

T?«S;£:JcSNfP.1$:^LT. 3^, 200t:^^;l^ tTOi^ 

. 0'C~100t:-lrfeD, ^Dtif^V<mOX:'^80V(DUmx$>^. 
[0018] 

^?g^5&^MOt:<D^^«25~40B#r.1(DM, ^7t80'C(OJnMM^05;^^fa5-10P^ 
[0019] 

^x^^bo X. iumm(Dj±tjit^m.}±^mm^^mizx^:brciib0^{.\.^7:,K m 

J±. te^'TfToTfeJ:^., ^fc. :^mmzJ,-^XRms^0Rm^itXi.^^^i 

. ^^o)^jt^-^mc^m.i^mx$,nimizmmvf3:\.K 

[0020] 

^oy^mcDm^^mmnmz. TKMMt^jt^i.xKmstu^K^t'^mnovm 
^m^x^^ ^ti^ t7Kmm.tK!t^i.xmm^m±t^(Dxttf^ l<^<^ mm 
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[0021] 

^^mx'^ 0 , 2ooppm^®^s tm^t i^T^^y3:i^mi!)m{i^i.-r^^rztbmm. 

[0022] 

ni^tavrnm. &mB^M<Di^'rnt^(D:^mizx0fiMLx'i%iE>ti^o 

[0023] 

*feJl®^0J(C:feV.T. ^U>^-mmtZii. mtHB^mxit. ePa, 12Pa, PPS 

. PBT. EVA^. xi^ta^m. tiu>y-u~)v. jem^j^t^pvc. nbr, cpe, n 

R, ;\^/^nym. y.&m^m\z\^. :^^^^i^mm. dap. :7a:y-;p^j|g^;$«fij 

mx^. •s^^m\zmcx. 'ik^(o^mn^ >y-^m\^^^z.tf}^x^:bo ^^\z, 
mi\z\x^^:&mw,\zr^mn^mmhUimy^^-<Di^^nu ~>^>,^. 

>^m(DtSyf^)>.^Mr^E^m^^^:Lt.f}^X^^^ 
[0024] 

z.(Dmmzi^\.^x. R-YQ-mm^wMn^(Dmmt(i^\zm^v^s,\,^f,i. e^T 

^ib^ii^. Nd.Pr.Dy.Ho.Tb(D^"^/i>;^<<tt,ia, La. Ce. Sm. Gd 

.Er.Eu,Tn.Yb.Lu.Y(D5-^if>7^c<<J:=blSS^tffe(D;i,t0^bVi„ *^c, ii^RCD 

m^x^±(D^'^m<Dmmz^r^m\.^^:itfiix%:^^ fz^^ :im\m^±m 
7€mxfs,<x^^< . j^m±.x^-^mummxu^±.7i^-^^Mfs.^^m^^mr^ 
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[0025] 

[0026] 

[0027] 
[0028] 

[0029] 

^Tz. ^B,Fe<Dm\ j:mm±m±i=^pimm^m<^(D^&^mmx^. rnxu 

> B(D-gp^4. OwtXi^^TcDC. 2.0wtmT©P, 2. OwtmToDSCD5-^/i>fj:< i:t>l 
a. ^tf«T2.0wtXi^ATT«M-r^ilch{Cj;O, *^a:&<5!)^igi4gfcS, 

[0030] 

^ ^fc, Al. Ti. V. Cr. Mn. Bi. Nb. Ta. Mo. W. Sb. Ge. Ga. Sn. Zr. Ni. Si. Zn. Hf. Zn<Do 



[0031] 

mmmi 

m^mWrniZ^O^i^nrz. m. SatX-Se. SatX-ColOatX-GaO. 2at«-ZrO. Ut%- 

i^mw) m^isx^-nsiox: izimm^^m^^mmm^. ^ 6 izmoukimmm 
mizx82ox:\zmmum(Dm.mm^ff-^x. ^i^m^^i^mm. 4,Mm(Dmm^^m 

03*ttI50ppni, R(0H)3«JS0. eppmT^oT^Co 
[0032] 

*4'fc-^SnSR203a«5ppni. R(OH) 3««120ppinXafeo^Co 
[0033] 

, -tmomxiomxiQm\z0s.mWi. m<tummx:iz6o^mmi.x^^> }^m^5o 
> ^^m^mmi^rc^M^mnzmT. 

[0034] 

mmmr^:ihf3i<. mmmmMtm-mmzx^^>\^m:s^i^0zi.rz. t#e>n 

J^c7H>K^^5ct,(3^^^^R^j.^^^g,j^L.^,^^^ R203««145ppm. R(0H)3« 
«0.6ppmX$,o;^c« fiSnfc^>Ha5^2^^i!l«Ufc^{C-e(Dj^^ 

[0035] 



mi] 









(%) 


Br 
(kG) 


iHc 
(kOe) 


(BH)max 
(MGOe) 










8.3 


12.5 


16.4 


0 


0 


0 


0 




8.3 


12.4 


16.3 


8 


9 


32 


98 



[0036] 

^^mitmzmt^^x^mtr^ra^. m:E(Dmm^izmm(D^±7i)i^<. Ji^> 



mim mm 3) ^zmt^^x:^<:zt^z^^. m:Emm$>^i.^mmz& 



